Somatic and oocyte 5S rRNAs from the liver and unfertilized eggs of the loach Misgurnus fossilis have been sequenced and found to differ in six nucleotides. All the substitutions are confined to the 5'-half of the molecules; 4 of them are pyrimidine-pyrimidine substitutions, and 2 are purine-pyrimidine ones. Considerable differences, both in the position and the character of substitutions, have been established when these 5S rRNAs were compared with somatic and oocyte 5S rRiiAs from Xenopus borealis and Xenopus laevis. Among the knowm primary structures,somatic 5S rRNA of M.fossilis is most similar to trout 5S rRNA.
INTRODUCTION
5S rRNA genes in eukaryotic organisms are tandems of repeats and the number of their copies in the genome may be far greater than that of ribosomal 183 and 28S genes 1, .iith the exception of certain lower organisms (fungi, yeasts), they are located separately from 18S and 28S genes, and in different chromosomes 2-4. As was shown for amphibians, there are several types of 53 genes differing in the primary structure 5-8: genes that are transcribed mainly in oogenesis (oocyte genes), and a minor type of genes transcribed in embryonic and somatic cells (somatic genes). M.4oreover, the so-called pseudogenes were found in Xenopus laevis, in the most of thle repeating units carrying the gene of oocyte 5S rAiih"; these pseudogenes correspond to 5'-1-101 nucleotides of the 5s r114U1 seoauence with a loss of the last 19 nucleotides fromn the 31-terminus 0 1 No data demonstrating expression of these genes are available at present. C) IRL Pres Umited, 1 Falconberg Court, London W1V 5FG, U.K.
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Volume 9 Number 9 1981 Nucleic Acids Research Certain teleost fishes are known to contain two types of 5S rRNA 11, 12 In our work 13 20 and the hydrolysates were loaded on 8, 10 and 20% polyacrylamide gels (0.06x20x60 cm) with 7 M urea 18 After electrophoresis, the gels were exposed with an X-ray RT-1 film at -700C.
To determine 5'-terminal nucleotides, 5S rRNA (10)ug, 104-105 cpm) in 0.15 ml of 0.01 M tris-HCl (pH 8.6), 0.01 M Mg(Ac)2 was digested with snake venom phosphodiesterase (0.2 U/jg RNA), and the hydrolysate was subjected to fractionation on PEI cellulose plates 24* 5'-Nucleoside monophosphates were used as markers. In order to determine 3'-terminal nucleotides, 5S rRNA (10 pg, 104-105 cpm) was digested with T2 RNAase (0.02 U/,ug RNA) at pH 4.5, and the hydrolysate was fractionated as described in 24, 3'-Nucleoside monophosphates were used as markers.
RESULTS
The results of electrophoretic separation of salt-soluble RNA preparations from loach liver and unfertilized eggs are shown in Fig. 1 In addition to the above approach, we used also hydrolyses of RNAs in which almost all cytosine residues were converted into uridine ones by bisulfite treatment 21, and then treated with a mixture of methoxyamine and bisulfite to modify unreacted C residues. The product of such double treatment is designated as RNA (C0-U, C*). Since N-U bonds are usually split with endonucleases faster than N-C* bonds 20,26, this strategy makes it possible to establish not only the positions of C converted into U, but also the nature of residues adjacent to them. Com- parison between hydrolysates of modified RNA(C*) and RNA(C-aU, As an illustration, analysis of the nucleotide sequence of fragments from two 5S rRNWAs is showmn in Fig. 2 . Intensification of bands in the U2 track for 5S rRNA(C-*-U, C*) comparing to 5S rRNA(C*) confirms that C is the 3'-neighbour of these A residues. In the region presented in Fig. 2 , these bands correspond to A5, A13, A16 and A25 in somatic RNA and to A5 and A in oocyte RNA. Appearance of new, as compared to 5S rRNA(C*), bands in the A track for 5S rRNA(C--U, C*) indicates that the bands correspond to C residues. The presence of bands for C10, C 12 and C14 in the U2 and T2 tracks for 5S oocyte rRNA(C*) should be attributed to a great lability of C-A, C1 2A and cT4-A bonds. Hydrolysis of oocyte 5S rRNA(C0--U, C*) makes these bands disappear in the U2 track but intensify in the A track; therefore, these bands correspond to C nucleotides. The RNA region depicted in Fig. 2 shows four out of six differences found between the sequences of somatic and oocyte The sequence of loach somatic 5S rRNA differs from those of somatic 5S rRNAs of X.borealis and X.laevis in 10 and 11 nucleotides, respectively; the sequence of loach oocyte 5S rRNA differs from those of 5S rRNAs of X.borealis and X.laevis in 15 and 17 nucleotides, respectively. Comparison of somatic and oocyte 5S rRNAs from M.fossilis, X.borealis and X.laevis reveals also the following differences and common features (Fig. 3 ).
1. In the loach, all differences in the nucleotide sequence are found in the 5'-half of a 5S rRIiA molecule; in the frogs, these appear also in the 3'-half of a 5S rRNA molecule.
2. Loach oocyte and somatic 5S rRNAs differ one from the other in positions (17, 26, 40, 63) other than those in which somatic 5S rRNA differs from oocyte 5S rRNA in X.borealis (55, 62, 79, 90) and X.laevis (30, 47, 55, 56, 79, 90 ). The only position at which a nucleotide varies in all of the three species is 53.
3. In M.fossilis, four out of six substitutions in 5S rRNA are of a pyrimidine-pyrimidine type; in X.borealis, three substitutions in 5S rRNA are pyrimidine-pyrimidine, two are purine-pyrimidine, and one is a purine-purine substitution; in X.laevis 5S rRNA, there are two pyrimidine-pyrimidine, two purine-pyrimidine and three purine-purine substitutions.
Therefore, fishes and amphibians have more differences than similarities in the position and character of substitutions in 32 which differs from those of 5S rRNAs in X.borealis and X.laevis in 10 and 11 nucleotides, respectively. Loach somatic 5S rRNA differs from human KB 5S RNA 27 in 9 nucleotides, and from Saccharomyces cerevisiae 5S RNA 33 in 47 nucleotides.
Horn and Ozawa 25 hold that all the eukaryotic 5S rRNAs known at present contain sequences constituting four palindromes. In Fig. 3 , these sequences are indicated with arrows numbered after the corresponding complementary regions. In loach oocyte and somatic 5S rRNAs, five out of six substitutions lie outside these complementary regions; an A for C substitution is found only in position 17 in the third palindrome, causing a decreased extent of complementarity in this region.
In contrast to M.fossilis, X.borealis has substitutions in the second and third palindrome regions, and X.laevis in the second and fourth regions. However, complementarity is decreased only if a substitution occurs in the third region (U for C in position 62); otherwise, it either increases (C for U in position 79) or a new complementary pair appears when substitutions occur simultaneously in two positions of one palindrome (U for C in position 30, and A for C in position 47 in X.laevis). It is noteworthy that there are no differences between oocyte and somatic 5S rRNAs in neither the loach or Xenojus, in the first palindromic sequence comprising nine nucleotides from the 5'-and 3'-termini. M. fossilis and the two Xenopus species have differences within these sequences in positions 3, 112 and 116, but without destabilisation of the secondary structure in these regions. Apparently, the first, second and fourth palindrome regions are actually conservative ones whereas, in the third palindrome, only four out of six nucleotides are conservative.
